A successful pregnancy depends on the blastocyst's implantation to the maternal endometrium; however, the initial interaction between blastocyst and uterine epithelium has not been well characterized. The objectives of this study were to determine if selectins and their ligands were expressed in the bovine conceptus and/or uterus during the periattachment period and to study whether selectins were associated with conceptus attachment to the uterine epithelium. Through the RNA-sequence analysis of bovine conceptuses on Days 17, 20, and 22 (Day 0 ¼ day of estrus), only the SELL ligand, podocalyxin (PODXL), and P-selectin (SELP) ligand, SELPLG, were found. Quantitative PCR analysis confirmed the presence of PODXL and SELPLG in these conceptuses and revealed that SELL, mRNA and protein, detected in the uterine epithelium but not in conceptuses increased during the periattachment period. In the cultured endometrial epithelial cells (EECs), SELL transcript was up-regulated when uterine flushings from Day 20 pregnant animals were placed onto these cells. SELL was also up-regulated when cultured EECs were treated with progesterone, EGF, or bFGF, but not with IFNT. In the coculture system with EECs and bovine trophoblast CT-1 cells, SELL expression in EECs was effectively reduced by its small interfering RNA; however, IFNT, a marker for CT-1 cell attachment to EECs, was not reduced, nor was a transcription factor of IFNT, CDX2. These observations suggest that the conceptus could attach to the uterine epithelium through the use of endometrial SELL and embryonic selectin ligands, possibly initiating the conceptus attachment process in the bovine species. attachment, bovine, coculture, conceptus, selectin
INTRODUCTION
During the peri-implantation period, conceptuses must communicate with the uterine endometrium if they are to survive and proceed to attach to the uterine epithelium. In cattle, embryonic and fetal losses are approximately 40%, a major fraction of which occurs within 3 wk of breeding [1] [2] [3] . The steroid hormone progesterone (P4) plays a key role in the establishment and maintenance of pregnancy. Available evidence suggests that elevated concentrations of P4 during the postconception period generally result in higher conceptus survival [4] [5] [6] , although the mechanism of P4 action on conceptus development has not been definitively elucidated. The ruminant trophoblast floats within the uterine lumen following hatching from zona pellucida, and the bovine blastocyst then elongates up to 20-30 cm before conceptus attachment is initiated. During the preimplantation period, elongating conceptuses float in the uterine histotroph, a result of P4-induced developmental changes in endometrial gene expression [7, 8] . These data indicate that the composition of uterine histotroph plays a major role in conceptus development, which in turn affects endometrial gene expression. Despite numerous studies performed on the bovine species, molecular mechanisms associated with their attachment processes, particularly the initial attachment to the endometrial epithelium, have not been well characterized [9] . This lack of information limits methods to reduce early embryonic losses.
L-Selectin (SELL), a molecule essential for lymphocyte rolling [10] , is also detected on the outer cellular surface of human blastocysts after hatching from the zona pellucida and has been identified as a scaffold molecule that plays a role in the human embryo-endometrial apposition process [11] [12] [13] . In addition, SELL ligand oligosaccharides are detected using monoclonal antibodies raised against mouse lymph node stromal cells (MECA-79 and MECA-452 antibodies), whose epitope structures are closely related to the SELL ligand [14] . MECA-79 and MECA-452 antigens are found widely on luminal and glandular endometrial epithelia in the human uterus [15] . The subcellular localization of MECA-79 in the human pinopodes is associated with the window of implantation [16] . MECA79 is more highly expressed on endometrial surface epithelium in donor egg recipients with embryonic implantation [17] , while low expression has been noted in patients with repeated implantation failure [18] and in infertile women [19] . SELL adhesion system is also identified to be essential for forming and maintaining cell columns during early stages of placenta development and mediating cytotrophoblast migration from the placenta in humans [20] . The expression and role of SELL during the peri-implantation period in mammals other than humans [21] have not been well characterized.
Similar to SELL, numerous molecules are involved in the process of lymphocyte homing. One of those molecules is vascular cell adhesion molecule (VCAM1). We have previously shown that VCAM1 is expressed in both uterine luminal and glandular epithelial cells and conceptuses and that its receptor, integrin a4 (ITGA4), is found only in conceptuses at the peri-implantation stage in the bovine [22] . During lymphocyte homing, once the rolling speed of lymphocytes slows down, VCAM1 and ITGA4 become effective in further slowing down and arresting lymphocyte movement [23] . Although the importance of SELL expression on trophoblastendometrial interactions is well demonstrated in humans [11] [12] [13] , little information is available on selectins in the bovine uterus and whether they play a role in conceptus attachment to the uterine epithelium. We hypothesized that similar to processes in lymphocyte homing and possibly in human trophoblast migration, SELL or related factors are involved in the initial attachment of bovine conceptus to the uterine epithelium.
Sequence reads obtained from the previous RNA-sequence (RNA-seq) analysis in Days 17, 20, and 22 bovine conceptuses [24] did not identify SELL or related factor transcripts, but identified transcripts of selectin ligands: glycosylation-dependent cell adhesion molecule 1 (GlyCAM-1) [25] , CD34 [26] , podocalyxin (PODXL) [27] , P-selectin glycoprotein ligand (SELPLG) [28] , and MADCAM1 [29] . In this report, therefore, we studied the conceptus and endometrial expression of selectins and their ligands ex vivo. Expression and regulation along with potential uterine factors were further investigated through the use of in vitro endometrial epithelial cells (EECs) monocultures and bovine trophoblast cell line (CT-1) cocultures.
MATERIALS AND METHODS

Animals, Tissue Collection, and Uterine Flushing Preparation
All the animal procedures in the present study were approved by the Committee for Experimental Animals at Zennoh Embryo Transfer Center and the University of Tokyo. Estrous synchronization, superovulation and embryo transfer processes were performed as previously described [30] . Thirty embryos derived from the superovulation were transferred nonsurgically into the uterine horn of 15 Holstein heifers (two blastocysts/recipient) ipsilateral to the corpus luteum on Day 7 (Day 0 ¼ day of estrus) of the estrous cycle. For RNA analyses, elongated conceptuses were collected nonsurgically by uterine flushing on Day 17, 20, or 22 (n ¼ 3/day) with 500 ml sterile phosphatebuffered saline (PBS, pH 7.2). Conceptuses in the uterine flushing media were obtained by centrifugation at 1000 3 g for 5 min and snap-frozen in liquid nitrogen. Following conceptus removal, the media and that from Day 17 cyclic animals (n ¼ 3) were further centrifuged at 4000 3 g for 5 min to remove cell debris, supernatants were filtered through 0.22 lm membrane, and then samples were stored at À808C until use. After thawing, the samples (10 ml from 500 ml uterine flushings) were concentrated and desalinated through the use of Micron filter device (Ultracel YM-3; Millipore, Billerica, MA). Protein concentrations were determined with the Bradford reagent (BioRad Laboratories, Hercules, CA) and the concentrations adjusted to 1 lg/ml with distilled water. For endometrial tissue collection, uterine biopsy samples (10 3 5 3 5 mm) were obtained nonsurgically from Day 17 cyclic and Days 17, 20, and 22 pregnant animals, all of which were obtained following the uterine flushing procedures. Frozen samples were transferred to the Laboratory of Theriogenology and Animal Breeding at the University of Tokyo and stored at À808C until use.
Cell Preparation and Culture Conditions
Primary bovine EECs were isolated and cultured as previously described [31] . In brief, uteri of healthy Holstein cows were obtained from a local abattoir in accordance with protocols approved by the local Institutional Animal Care and Use Committee. Uteri of the early luteal phase (Days 2-5) were excised and immediately transported to the laboratory. To detach EECs, the uterine lumen was trypsinized (0.3% w/v), from which EECs were isolated [31] . The isolated EECs were cultured on collagen type IA-coated six-well plates in Dulbecco-modified Eagle medium/F12 (DMEM/F12) (1:1) medium (Wako Pure Chemical Industries, Ltd., Osaka, Japan) supplemented with 10% (v/v) newborn calf serum (Invitrogen, Tokyo, Japan), 2 mM glutamine (Invitrogen), and antibiotic/antimycotic solution (Invitrogen) at 378C under 5% CO 2 in humidified air. EECs were used within four passages to avoid changes in cell characteristics, specifically down-regulation of steroid receptor expression [32] . In monocultures, EECs (1 3 10 5 cells/well) placed onto collagen type IAcoated six-well dishes were incubated with 10 lg proteins from Day 17 cyclic or Day 17, 20, or 22 pregnant bovines uterine flushings, P4 (10, 100, 1000 nM; Sigma-Aldrich, St. Louis, MO), epidermal growth factor (EGF) (10, 20, 40 ng/ ml; Sigma-Aldrich), basic fibroblast growth factor (bFGF) (5, 10, 20 ng/ml; R & D Systems, Inc., Minneapolis, MN), or IFNT (0.1, 1, 10 lg/ml; Zenoaq, Kooriyama, Japan) in serum-free DMEM/F12 for 48 h, which is the treatment similar to the previous VCAM1 study [22] .
Bovine trophoblast CT-1 cells [33] , a generous gift from Dr. Alan Ealy, Virginia Polytechnic Institute, were cultured on six-well plastic plates coated with Matrigel (BD Biosciences, Tokyo, Japan) at 378C in air with 5% CO 2 in DMEM/high glucose (Wako Pure Chemical Industries, Ltd.) containing 10% (v/v) fetal bovine serum (JRH Biosciences, Lenexa, KS) supplemented with 2 mM glutamine (Invitrogen), 2 mM sodium pyruvate (Invitrogen), nonessential amino acids (Invitrogen), 55 lM 2-mercaptoethanol (Invitrogen), and antibiotic/antimycotic solution (Invitrogen).
To generate spheroids, CT-1 cells were cultured in low-attachment culture dishes (Corning, Tokyo, Japan) prior to mono-or coculture at 378C in air with 5% CO 2 [32] . In monocultures, the CT-1 cells placed onto collagen type IAcoated six-well plates were incubated with 10 lg proteins from bovine uterine flushing (Day 20 pregnant) [32] added in serum-free DMEM for the indicated period. In cocultures, EECs (1 3 10 5 cells/well) were initially cultured for 4 days on six-well collagen type IA-coated plates to reach more than 90% confluence in newborn calf serum-containing DMEM, followed by maintenance in serum-free DMEM for 24 h prior to coculture. Thereafter, CT-1 cells (approximately 200 spheroids per well) and 10 lg protein from each uterine flushing were cultured onto a confluent layer of the EECs for the indicated incubation period. Protein concentrations of uterine flushings for the culture system were determined from preliminary examination. Timing and the degree of force to remove CT-1 cells from the uterine cells were also predetermined, resulting in the collection of CT-1 cells with minimal contamination of uterine cells [32] . In brief, after incubation, cells were washed twice with PBS and incubated in PBS for 5 min, and then CT-1 cells were separated from substratum of collagen type IA-coated dish (monocultured) or adhering uterine cells (cocultured) with gentle pipetting of PBS. To collect cocultured CT-1 cells without contamination of uterine cells, the cells in PBS were passed through 70 lm cell strainer (BD Biosciences), and the cells that remained on the membrane were purified further with the Percoll gradient method [32] . The cell viability was more than 95% when tested for the ability of cells to exclude trypan blue. Mono-or cocultured CT-1 cells were then subjected to RNA isolation.
Transfection of SELL or SELP Small Interfering RNA
The nucleotide structures of SELL and P-selectin (SELP) small interfering RNAs (siRNAs) were designed through the use of siDirect program (RNAi, Tokyo, Japan), and except for the scrambled control siRNA, all siRNAs were prepared commercially (Sigma-Aldrich). The nucleotide sequences of bovine SELL (NM_174182.1) and SELP (NM_174183.2) were used to design the siRNA for SELL and SELP coding regions, respectively, while unrelated sequences of EGFP (EU056363) and Scrambled (12935-300; Invitrogen) were used as negative controls.
Bovine EECs were cultured in the medium described in the cell culture section. To evaluate the effects of SELL or SELP siRNA, the medium was replaced with reduced serum media (Opti-MEM; Invitrogen) and siRNAs (100 nM final concentrations) were transfected into EECs using Lipofectamine 2000 reagent (11668-019; Invitrogen) according to the protocol provided by the manufacturer. The concentrations for each siRNA were predetermined before experimentation [34] .
RNA Extraction and Quantitative RT-PCR
With the ISOGEN reagent (Nippon Gene, Tokyo, Japan), total RNAs were extracted from conceptuses, biopsied uterine endometrial tissues, cultured CT-1 cells, or EECs according to the manufacturer's protocol. For quantitative realtime PCR (qPCR) analyses, isolated RNA (total 250 ng) was reversetranscribed to cDNA using ReverTra Ace qPCR RT Kit (Toyobo, Osaka, Japan), and the resulting cDNA (RT template) was stored at 48C until use.
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Reverse-transcribed cDNA (1 ll) was subjected to qPCR amplification using Thunderbird SYBR qPCR Mix Kit (Toyobo) with 0.3 lM of the oligonucleotide primers listed in Table 1 , and PCR amplification was carried out on an Applied Biosystems 7900HT real-time PCR System (Applied Biosystems, Foster City, CA). Amplification efficiencies of each target and reference genes, bovine beta-actin (ACTB), and GAPDH, were examined through their calibration curves and found to be comparable [35, 36] . The thermal profile for qPCR consisted of 40 cycles at 958C for 10 sec and annealing and extension at 608C for 45 sec. Average threshold (Ct) values for each target were determined by Sequence Detection System software v1.2 (Applied Biosystems). Each run was completed with a melting curve analysis to confirm the specificity of amplification and the absence of primer dimer.
Immunohistochemical and Immunocytochemical Analysis
Immunohistochemical analysis was performed on 10 lm paraffin sections of Day 17 cyclic and Days 17, 20, and 22 pregnant uterine tissues. Paraffin sections were rehydrated, boiled for 20 min in 10 mM citrate buffer (pH 6.0), and endogenous peroxidase was quenched by immersing in 0.3% (v/v) hydrogen peroxide/methanol. Streptavidin/biotin blocking kit (Vector Laboratories, Burlingame, CA) was used to block endogenous biotin according to the manufacturer's instructions. After 30 min incubation with 10% normal goat serum, the sections were incubated at 48C overnight with mouse anti-bovine SELL monoclonal antibody (BAQ92A, 1:50 dilution, BOV2046; Monoclonal Antibody Center, Washington State University) or normal mouse immunoglobulin G (IgG) (1:20 dilution, sc-2025; Santa Cruz Biotechnology, Inc., Dallas, TX) as the negative control. Subsequently, the sections were incubated at room temperature for 1 h with goat anti-mouse IgG biotin conjugate (1:400 dilution, B7401; Sigma-Aldrich). The immunoreactivity was visualized by means of avidin-peroxidase (1:400 dilution, E2886; Sigma-Aldrich) and AEC substrate kit (Invitrogen) according to the manufacturer's instructions. The sections were counterstained with methyl green and then examined under light microscope (BX-51; Olympus, Tokyo, Japan) [22] .
Immunocytochemical analysis was performed on cultured EECs treated with 20 ng/ml EGF or 10 ng/ml bFGF and subsequently fixed with 4% paraformaldehyde in PBS. After 30 min incubation with 10% normal goat serum, the sections were incubated with mouse monoclonal anti-bovine CD62L antibody, SELL (BAQ92A, 1:50 dilution, BOV2046; Monoclonal Antibody Center, Washington State University) overnight at 48C or normal mouse IgG (1:20 dilution, sc-2025; Santa Cruz Biotechnology, Inc., Santa Cruz, CA) as the negative control. Subsequently, the plate was incubated with goat anti-mouse IgG biotin conjugate (1:20 dilution, B7401; Sigma-Aldrich). The immunoreactivity was visualized by means of fluorescent conjugates of Streptavidin 568 (1:200 dilution, S11223; Invitrogen) and 4 0 ,6-diamidino-2-phenylindole (DAPI) (1:10 000 dilution, D8417; Sigma-Aldrich) for 30 min. They were then examined under light microscope (BX-51; Olympus) [22] .
Statistical Analysis
All the experimental data from the bioassays represent the results obtained from three or more independent experiments each with triplicate assays expressed as the mean 6 SEM. Statistical analysis was performed by Dunnett test for multiple comparisons between experimental groups using the StatView statistical analysis software (version 5; SAS Institute, Inc., Cary, NC). Differences of P , 0.05 were considered to be significant.
RESULTS
Expression of Selectins and Their Ligand Transcripts in Bovine Uteri During the Periattachment Period
Selectins are a group of three carbohydrate-binding proteins, E-selectin (SELE), SELP, and SELL, encoded by three separate genes [37] . RNA-seq (SOLiD3) analysis revealed that of the possible selectin ligands CD34, GlyCAM-1, MadCAM, PODXL, and SELPLG examined, PODXL and SELPLG were expressed in Days 17, 20, or 22 bovine conceptuses (Table 2) . To confirm the results from the RNA-seq analysis, qPCR analysis was carried out and both SELPLG and PODXL mRNAs were found in conceptus tissues. PODXL transcripts were increased in Day 22 conceptuses, but significant changes in PODXL levels were not found in endometrial tissues during the time period examined (Fig. 1A) . High expression of SELPLG mRNA was found in Day 17 conceptus and endometrium of pregnant animals, then decreased in Days 20 and 22 conceptuses and endometrium of pregnant animals (Fig.  1B) . In the RNA-seq analysis, SELL transcripts were not found in Days 17, 20, or 22 bovine conceptuses (Table 2) , which was also confirmed by qPCR analysis (results not shown). Execution of qPCR was then directed toward RNA analyses extracted from uterine endometrial tissues. The qPCR analyses revealed the presence of selectin transcripts in RNAs extracted from bovine uterine endometrial tissues obtained from Day 17 cyclic and Days 17, 20, and 22 pregnant animals. Uterine SELL Fig. 2A, Left) , while an increase in SELP was found in Days 20 and 22 pregnant uteri ( Fig. 2A, Right) . SELE expression was not found in uterine and conceptus samples during the same period (data not shown). Immunohistochemical analysis revealed that SELL was expressed on the surface of Day 17 pregnant uterine epithelium and that its expression appeared to increase toward the middle of the epithelial cells, most likely in cytoplasmic regions, in Day 20 and 22 pregnant endometrial epithelia (Fig. 2B) .
Up-Regulation of SELL in EECs Treated with Uterine Flushings or Growth Factors
Quantitative PCR was executed to determine SELL mRNA in RNA extracted from monocultured EECs that were treated with bovine uterine flushings from Day 17 cyclic or Day 17, 20, or 22 pregnant animals. SELL expression was up-regulated 2-fold when cultured EECs were treated with the uterine flushing from Day 20 pregnant animals, while the expression of SELP did not change in these treatments (Fig. 3A) . These results together with those in uterine endometrium (Fig. 2) indicated that SELL was expressed in the uterine endometrial epithelium.
To further characterize the effects of uterine flushing contents, EECs were treated with P4, EGF, bFGF or IFNT for 48 h (Fig. 3B) . SELL mRNA in EECs was up-regulated by P4, EGF, or bFGF treatment, but was unaffected by IFNT.
Up-Regulation of SELL in EECs Treated with EGF or bFGF and the Presence of EGF, bFGF, EGFR, or FGFR1 in Conceptuses and Uterine Endometrium During the Periattachment Period
To confirm whether the increase in SELL transcripts (Fig.  3B ) was associated with SELL protein, the EECs treated with EGF (20 ng/ml) and bFGF (10 ng/ml) were subjected to immunofluorescence staining. The expression of SELL in EECs treated with EGF or bFGF was enhanced when compared with those in EECs without the EGF or bFGF treatment (Figs. 4A and 5A ). Because EGF treatment effectively increased SELL expression in EECs, we next examined the expression of EGF, EGF receptor (EGFR), bFGF, and bFGF receptor (FGFR1) transcripts in conceptuses and endometrial tissues. Increases in EGF transcripts were found in Days 17, 20, and 22 pregnant uterine tissues and in Day 22 conceptuses (Fig. 4B) . EGFR in Days 17, 20, and 22 conceptuses increased as pregnancy progressed. Minute amounts of EGFR were found in all uterine tissues examined; however, the highest EGFR expression was found in Day 22 pregnant endometrium (Fig. 4C) . As shown in Figure 5B , bFGF was up-regulated in pregnant endometria and in Day 22 conceptuses during the peri-implantation period. No significant change of FGFR1 mRNA was found in the endometrium of cyclic and pregnant animals, but it was up-regulated in Day 22 conceptuses (Fig. 5C ). Days 17, 20 , and 22 pregnant endometria (P17, P20, and P22, respectively, n ¼ 3/day), and Days 17, 20, and 22 conceptuses (P17, P20, and P22, respectively, n ¼ 3/day) were subjected to qPCR for the determination of PODXL (A) and SELPLG (B) transcript levels. Left: PODXL or SELPLG in endometria (uterine tissues). Right: PODXL or SELPLG in conceptuses. ACTB and GAPDH mRNAs were used as internal controls for RNA integrity. Values represent mean 6 SEM from three independent samples with duplicates within a day of conceptus or endometrial tissue sampling. Statistically significant differences in mRNA levels at **P , 0.01 versus C17 in uterine tissues and **P , 0.01 versus P17 in conceptuses.
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Expression of IFNT in Mono-or Cocultured CT-1 Cells with Uterine Flushing-Treated EECs, and in Cocultured CT-1 Cells with SELL siRNA-Treated EECs
To investigate the function of selectin on conceptus attachment to the EECs, we used an in vitro attachment model of bovine trophoblast CT-1 cells to EECs [32] with slight modifications. In this study, flushing media from bovine uteri were used and changes in IFNT in CT-1 cells were monitored because IFNT down-regulation is a known indicator for CT-1 cell attachment to EECs [32, 38] . Compared to monocultured CT-1 cells, such a decrease in IFNT was found when uterine flushings from Day 20 pregnant animals were tested on the CT-1 with EEC coculture (Fig. 6A) . SELL or SELP siRNA was then applied to EECs and its effect on mRNA levels was monitored. Both siRNAs were effective in suppressing their respective mRNAs (Fig. 6B) . Although changes in IFNT mRNA were not observed in CT-1 cells cocultured with SELL siRNA treated EECs, decrease in IFNT mRNA was found in CT-1 cells cocultured with SELP siRNA, control EGFP siRNA, or scramble siRNA treated EECs (Fig. 6C) . Caudal type homeobox 2 (CDX2) is known as one of the transcription factors of IFNT and is down-regulated after conceptus implantation in vivo [32] . However, the decrease of CDX2 was not found in CT-1 cells cocultured with SELL siRNA treated EECs (Fig. 6C) . These results are consistent with those of the coculture system, where CT-1 cells did not attach to EECs.
DISCUSSION
In this study, SELL expression was detected in endometrial epithelia (Fig. 2B) , and its potential ligands PODXL and SELPLG were found in both conceptus and endometrium (Fig.  1 ). Prior to this study, we expected that SELL expression would be at the conceptus side, as found in human trophoblasts [11] and at the tips of microvilli of lymphocytes during lymphocyte homing [39] . Lymphocytes are detected in uterine intraepithelium and stroma of nonpregnant goats, and are decreased in the interplacentomal areas and intercaruncular , and P22, respectively, n ¼ 3/day) were subjected to qPCR analyses for the detection of SELL (Left) or SELP (Right) transcripts. ACTB and GAPDH mRNAs were used as internal controls for RNA integrity. Values represent mean 6 SEM from three independent samples with duplicates within a day of endometrial tissue sampling. Statistically significant differences (vs. C17) in mRNA levels at *P , 0.05 and **P , 0.01. B) Immunohistochemical analysis of SELL expression in the bovine uterus from Day 17 cyclic animals (a) and Days 17 (c), 20 (b, d), and 22 (e) pregnant animals. Tissue sections (10 lm) from uteri were immunostained for SELL using an anti-SELL antibody (a, c-e) or normal mouse IgG as a negative control (b). Three independent experiments were done, and a representative one is shown. Epi, endometrial luminal epithelium; St, endometrial stroma; GE, glandular epithelium. Bar ¼ 100 lm.
L-SELECTIN IN BOVINE CONCEPTUS IMPLANTATION
epithelial regions of pregnant uteri [40] . In addition, SELL is localized on leukocytes located at the endothelial surface of placentomal vessels in Day 50 pregnant sheep [41] . These results indicate that SELL expression in lymphocytes is similar among humans, goats, and cattle; however, SELL and its ligand expression during the peri-implantation period in the bovine uterus differ from those in humans. In human uteri, the blastocyst migrates until it is apposed to the implantation site, whereas the ruminant conceptus elongates before its attachment to caruncular regions of the uterine epithelia. Although endometrial epithelial SELL expression is not orthologous to that in humans, cessation of conceptus movement and/or apposition through SELL expression is required for the implantation processes in humans [11] as well as the bovine species.
In the bovine, conceptus attachment to the uterine epithelium begins on Days 19 and 20 of pregnancy [42] . In this study, the increase in endometrial SELL expression was found as early as Day 17 (Fig. 2) , indicating that uterine epithelial SELL expression appeared prior to the initiation of conceptus attachment to the uterine epithelium. Additionally, following conceptus attachment to the uterine epithelium cells, the cellular location of SELL expression appeared to change from cell surface to possibly the cytoplasm (Fig. 2B) . Previous studies have determined that soon after the elongated conceptus attaches to the uterine epithelium or trophoblast CT-1 cells attach to the EECs, IFNT and its transcription factor CDX2 are down-regulated [32, 43] . However, down-regulation of SELL expression with its siRNA in the EECs of our coculture system did not cause any reduction in IFNT or CDX2 in CT-1 cells (Fig. 6C) , indicating that CT-1 cell attachment to EECs did not occur. These results support the notion that SELL is likely to play its role prior to the conceptus adhesion to the uterine epithelium. In addition, when CT-1 cells were cocultured with SELP siRNA-treated EECs, IFNT and CDX2 levels were lower than those treated with SELL siRNA. These results suggest that in the bovine, SELP may not play as important a role as SELL at the preimplantation stage.
In this study, up-regulation of SELL ligand PODXL in the conceptus did not occur until Day 22. This does not exclude the possibility that SELL is involved in the initial attachment process between the conceptus and endometrial epithelium; SELL and its ligand are known to be involved in trophoblast cell attachment to the uterine endometrium in humans [11] . In accordance with high SELL expression in Day 17 pregnant endometrium and its decrease on Day 22 ( Fig. 2A) , the expression of SELPLG is also high in Day 17 and then downregulated in Days 20 and 22 conceptuses (Fig. 1B) . In contrast with the expression of conceptus SELPLG, minimum expression of SELP was found in Day 17 pregnant or cyclic animals, and the expression is up-regulated in Days 20 and 22 endometrium (Fig. 2B) . It was reported that SELPLG binds to leukocytes through SELL, although its binding is less efficient than that through SELP [28] . Our results and others BAI ET AL. [28] suggest that the conceptus may attach to endometrial SELL through conceptus SELPLG at the preimplantation stage.
Similar to our previous observations in which sheep uterine flushings were examined [32] , in this study, the uterine flushing from Day 20 pregnant cows was effective in the upregulation of SELL in the uterine epithelial cells. Although the exact composition and/or function of the uterine flushing has not been fully characterized, based on our previous observations [38, 44] and others [45] , P4, EGF, bFGF, and IFNT are likely to be present in the uterine flushings. Each of these factors was then examined to see if they could up-regulate SELL expression in bovine uterine epithelial cell cultures. EGF and bFGF were found to up-regulate SELL expression in our epithelial cell culture system (Figs. 4A and 5A) . Additionally, . Right: EECs treated with EGF but detected with preimmune serum (negative control, IgG). SELL expression is seen in red, and nuclei was counterstained with DAPI. Three independent experiments were executed, and the representative one is shown. Bar ¼ 100 lm. B) Changes in EGF expression in bovine uteri. Left: Changes in EGF transcripts in Day 17 cyclic (C17) or Days 17, 20, and 22 pregnant endometria (uterine tissues) (P17, P20, and P22, respectively, n ¼ 3/day). Right: Changes in EGF transcripts in Days 17, 20, and 22 conceptuses (P17, P20, and P22, respectively, n ¼ 3/day). C) Expression of EGFR in bovine uteri. Left: Changes in EGFR1 transcripts in Day 17 cyclic (C17, n ¼ 3) or Days 17, 20, and 22 pregnant endometria (uterine tissues) (P17, P20, and P22, respectively, n ¼ 3/day). Right: Changes in EGFR transcripts in Days 17, 20, and 22 conceptuses (P17, P20, and P22, respectively, n ¼ 3/day). ACTB and GAPDH mRNAs were used as internal controls for RNA integrity. Values represent mean 6 SEM from three independent samples with duplicates within a day of conceptus or endometrial tissues. Statistically significant differences in mRNA levels at *P , 0.05 and **P , 0.01 versus C17 in uterine tissues, and **P , 0.01, versus P17 in conceptuses.
EGF and its receptor (EGFR) are essential for the elongation of bovine conceptuses [46] . In this study, high EGF was expressed in endometrium during the peri-implantation period (Fig. 4B) , while EGFR at the endometrial side increased on Day 22 (Fig. 4C) . Furthermore, endometrial bFGF is known to increase bovine conceptus IFNT [47] and to enhance the rate of blastocyst attachment in mice [21] . According to the qPCR result, although no changes in FGFR1 mRNA were found (Fig.  5C ), high expression of bFGF transcripts was found in endometrium during peri-implantation period (Fig. 5B) . IFNT was undoubtedly present in Day 20 uterine flushings, but P4, EGF, and bFGF present in the uterine flushing likely upregulated endometrial epithelial SELL expression. Numerous studies confirm that P4 and IFNT regulate endometrial gene SELL expression is seen in red, and nuclei was counterstained with DAPI. Three independent experiments were executed, and the representative one is shown. Bar ¼ 100 lm. B) Changes in bFGF transcript expression in bovine uteri. Left: Changes in bFGF transcripts in Day 17 cyclic (C17) or Days 17, 20, and 22 pregnant endometria (P17, P20, and P22, respectively). Right: Changes in bFGF transcripts in Days 17, 20, and 22 conceptuses (P17, P20, and P22, respectively) (n ¼ 3/day). C) Expression of FGFR1 in bovine uteri. Left: Changes in FGFR1 transcripts in Day 17 cyclic (C17, n ¼ 3) or Days 17, 20, and 22 pregnant endometria (P17, P20, and P22, respectively, n ¼ 3/day). Right: Changes in FGFR1 transcripts in Days 17, 20, and 22 conceptuses (P17, P20, and P22, respectively, n ¼ 3/day). ACTB and GAPDH mRNAs were used as internal controls for RNA integrity. Values represent mean 6 SEM from three independent samples with duplicates within a day of conceptus or endometrial tissues. Statistically significant differences in mRNA levels at *P , 0.05 and **P , 0.01 versus C17 in uterine tissues and versus P17 in conceptuses.
BAI ET AL. expression necessary for the establishment of pregnancy in ovine and bovine species [48, 49] . In this study, however, IFNT was not directly involved in endometrial epithelial SELL expression.
Following the initial attachment between trophectodermal epithelium and endometrial epithelium on Days 19 and 20 of bovine pregnancy, stable adhesion occurs between Days 20 and 22 [42] . These observations led us to characterize VCAM1 and ITGA4 expression [22] and to identify the phenomenon of the epithelial mesenchymal transition (EMT), occurring in bovine conceptuses on Day 22 when the trophectoderm expresses both epithelial and mesenchymal markers [38] . EGF and bFGF are among many factors that have been found to be involved in EMT processes [50] . A progressive increase in EGFR was found in Days 17, 20, and 22 conceptuses, and significant increases in EGF, bFGF, and FGFR1 found in Day 22 conceptuses suggest that EMT and related changes in uterine environments are required for the conceptus implantation to the maternal endometrium. PODXL has been found as a markedly up-regulated protein in TGFB-induced EMT of human lung adenocarcinoma A549 cells [51] . These investigators concluded that PODXL is an important regulator of the EMT-like process as it regulates the loss of epithelial features and the acquisition of a motile phenotype. Together with these results, our observations suggest that endometrial epithelial SELL and conceptus SELPLG are involved in the initial In the coculture, bovine EECs were grown to confluence, and CT-1 cells and uterine flushings (10 lg) were then placed on the EECs, which were further cultured for 48 h. Total RNAs extracted from the CT-1 cells were subjected to qPCR analysis for IFNT mRNA. ACTB and GAPDH mRNAs were used as internal controls for RNA integrity. B) Effects of SELL or SELP siRNA on endogenous SELL or SELP transcripts in EECs. EECs were treated with SELL siRNA (siL), SELP siRNA (siP), control EGFP siRNA (ctrl.), or scramble (control) siRNA (siC), and were cultured for 48 h. Total RNAs extracted from EECs were subjected to qPCR analysis for SELL or SELP mRNA. ACTB and GAPDH mRNAs were used as internal controls for RNA integrity. C) Changes in IFNT or CDX2 transcript levels in CT-1 cells cocultured with siRNA-treated EECs. Bovine EECs treated with SELL siRNA (siL), SELP siRNA (siP), control EGFP siRNA (ctrl.), or scramble (control) siRNA (siC) for 48 h. Total RNAs were extracted from the CT-1 cells and subjected to qPCR analysis for IFNT and CDX2 mRNAs. ACTB and GAPDH mRNAs were used as internal controls for RNA integrity. Values represent mean 6 SEM from three independent samples with duplicates within a day of uterine flushing (A) or siRNA treatment (B and C). Statistically significant differences (vs. siC) in mRNA levels at *P , 0.05 and **P , 0.01.
aspects of trophoblast attachment to the uterine epithelium and that PODXL is also involved in trophoblast EMT required for stable adhesion of the two cell types.
In conclusion, the results from this study suggest that one of the cell adhesion molecules, SELL, is involved in the initial step in conceptus attachment to the uterine endometrium, likely through binding with conceptus SELPLG under the regulation of EGF and bFGF. PODXL could also aid in supporting the process initiated by SELL and SELPLG, resulting in stable attachment between the two cell types.
